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“PLUS OR MINUS?” 


A Study of the Application of Tolerances in Machining Operations. 
By H. Doste. 


INTRODUCTION. 


Ow1nc to the influx of mass production methods in many factories, 
operation sheets are now being used. This booklet is primarily 
for draughtsmen engaged in the drawing up of such sheets, but 
will be useful for engineers in general. 

An operation sheet shows, by thin lines, the part as the operator 
receives it, and any alteration in shape that takes place at that 
operation is shown by heavy lines, thereby denoting the surfaces 
to be machined. 

The dimensioning of these sheets would be very simple if every 
dimension were “‘spot on,’”’ but as all dimensions have a tolerance, 
it is necessary to dimension the operation sheets in such a way 
that all the “finished part drawing”’ sizes will be achieved within 
the tolerance given. Tolerances are of three types. Unilateral, 
which extend in one direction only, all plus or all minus, from the 
basic or nominal size. Bilateral, which extend in both directions, 
but the plus and minus amounts are not equal. Bilateral, where 
the amounts are equal. Before commencing calculations the first 
two types should always be converted into the latter. 

Dimensions are usually given to the nearest thousandth of an 
inch, i.e., 001”, and when calculating, it will be found that anything 
less than a thou. is best written as a fraction of a thousandth, as 
this will simplify the calculations, i.e., -002125" would be written 
as 0024”. This is not the usual practice, but it has been proved 
very successful when applied to operation sheet calculations. 
Confusion. or a lot of unnecessary calculating may result from not 
using the thou. as a basis. The one exception is for the trigono- 
metric calculations where seven decimal places will result from 
using trig. functions to four decimal places, but even these should 
be finally approximated to the nearest {5 of a thou. This is quickly 
done by the use of the decimal equivalents chart. 

The following thesis gives the sixteen fundamental rules and 


their application. 


THESIS. 


The TOLERANCE ON A DIMENSION IS THE AMOUNT OF DEVIATION 
FROM THE MEAN FIGURE THAT IS ALLOWED, AND MUST BE WORKED 
C a? ge son + = 
to. For example, the “mean” figure of -248"/-252” is +250" and 
B 
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the tolerance is plus or minus -002”.. For calculation purposes it 
would be written as -250” + -002”. For the same reason, a dimen- 


sion given as -250" * "01, would be written as -253": -002". The 


importance of tolerances and their application to operation sheets 
is explained by the following rules and examples. 

Fig. 1 (a) shows the finished part, and Fig. 1 (b) and 1 (c) the 
two operation drawings required, and the correct method of dimen- 
sioning. For clearness sake, only the dimensions connected with 
the problem have been shown. 


H 34, ' .495". 245!" 
+010" “505” | h255. 
Fig. 1 (a). Fig. 1 (b). Fig. 1 (c). 


The tolerance on the overall dimension is achieved by tightening 
up the tolerances on the width of the head and the length of the 
shank to +-005". The shortest length of shank permitted is 
-495" and the shortest width of head is -245”, therefore the shortest 
overall length will be -740", i.e, $”--010". The greatest length 
of shank permitted is -505” and the greatest width of head is 255", 
therefore the greatest overall length will be -760”, 7.e., #”-+-010". 


Mathematically, the problem would be written :— 
500” + -005” 
-250” + -005” 


-750" + -010" 


Now, if the dimensions }” and }” had been given a tolerance 
of +-010", then the overall length achieved would have been any 
size between -730” and -770", therefore the 3” -+ -010” dimension 
would not have been maintained. 

If, instead of giving the width of the head in Fig. 1 (c), it had 
been necessary to give an overall length, this would be given as 
-745"/-755". The width of head, }” + -010”, would therefore be 
achieved, as shown by the following :— 
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The shortest length of shank permitted is -495”, and the greatest 

overall length is -755”, therefore the greatest width of head will be 

260”, i.e, $” + 010". The greatest length of shank permitted is 

505” and the shortest overall length is -745”, therefore the smallest 
width of head will be -240”, z.e., }”-—-010’. 


Mathematically, the problem would be written :— 


-750" + -005” 
500” + -005” 


+250” + -010” 


From these examples, it can be stated that :— 


Rule 1.—The tolerance on any LENGTH is equivalent to the 
sum of the tolerances on the dimensions, added or subtracted to 
achieve the length. 


It is often necessary with parts that have ‘‘ground”’ faces, to 
know the exact tolerance on the amount to be removed by grinding. 
Fig. 2 (2) shows the turning operation, and Fig. 2 (b) the grinding 
operation, on a plug. 


138” 1 +242" 7 | 24"! "24.9" ! 
"142" “244 126" 25! 
Fig. 2 (a). Fig. 2 (b). 


To find the tolerance on the amount removed by grinding 
from the chamfered face, convert -242"/-244” and -249"/-251" into 
-243” + 001” and -250” -- -001” respectively, then the mean figure 
of the amount removed is obviously -007". The tolerance on 
this figure is +-002", as will be readily understood by the following 
explanation :— q 

The greatest turned length of the shank is 1244" and the shortest 
“ground” length is -249", therefore the minimum amount it is 
possible to remove is -005", 7.2., -007” — 002”. The shortest 
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turned length of the shank is -242” and the greatest “ground” 
length is -251”, therefore the maximum amount it is possible to 
remove is -009”, 7.e., -007” + -002”. 

Mathematically, this would be written :— 


+250” + -001” 
+243” + -001” 
-007” 002” 


To find the tolerance on the amount removed by grinding from 
the plain face, first find the overall lengths and their tolerances 
by using Rule 1. 

The turned length will be found to be -383” + -003” and the 
“ground” length -375” + -002”.. The mean figure of the amount 
removed is obviously -008” and the tolerance on this figure ---005”. 

The same proof, as used for the chamfered face, can be applied 
in this instance, and mathematically this would be written :— 

“383” + -003” 
-375" + -002” 


008” + -005” 


From these examples it can be stated that :— 
Rule 2,—The tolerance on an AMOUNT REMOVED FROM A FACE 


is the swm of the tolerances of the dimensions used to achieve that 
amount. 


A rather unusual problem is shown in Fig. 3, for whén the 
amount removed from the face is calculated, it is found to have a 
tolerance greater than the mean figure. At this stage, it is perhaps 
necessary to explain the reason for the “tight” size on the turned 
flange (Fig. 3(a)). It would be for the purpose of location at 
some intermediate operation. 


— a 


Fig. 3 (a). Fig. 3 (b). 
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Using Rule 2, it is found that -083” + -001” minus -078” + -010” 
equals -005” + -011”. The figure we have achieved is useless for 
calculation purposes, as it is impossible to take -005”—-011” off 
the face, i.e., put -006” 07! Therefore, as the face must be touched, 
it can be stated that the minimum amount that will be removed 
is -002”. 

The maximum amount will be -016’, 7.e., -005”+-011”.. Thus 
-002"/-016” is the actual amount it is possible to remove and -005” 
+011” in theory becomes -009” + -007” in practice. 

The following proof should make this clear :— 

The greatest width of the turned flange, shown in Fig. 3 (a), 1s 
084” and the smallest width of the “ground” flange, shown in 
Fig. 3 (0), is -068”, therefore the maximum amount it is possible 
to remove is -016’. 

The smallest width of the turned flange is -082” and the greatest 
width of the “ground” flange is -088”", therefore, as the width 
cannot be increased and must be decreased, it can be stated that 
the minimum amount removed will be -002”. 

Mathematically, this would be written :— 

005” + -011” = -002"/-016” = -009” + -007”. 

Rule 3.—(For use when, after using Rule 2, the tolerance is 
found to be greater than two thou. less than the mean figure, e.g., 
mean figure -005” minus -002” equals -003”). The minimum 
amount removed from the face will be -002”. The maximum 
amount removed will be the difference between the largest rough 
size and the smallest finished size. 


When a part has a very small amount to be removed from each 
face, it is possible to give only one dimension on the grinding 
operation as opposed to the method shown at Rule 2. 

In Fig. 4 (a), a washer is faced to -098"/-102" in the turning 
operation, and in Fig. 4 (b) both faces are ‘‘ground” to the finished 
size of -093”/-095”.. The maximum amount it is possible to remove 
from the faces is -009", i.e., -102”—-093”, but, as both faces must 


Fig. 4 (a). Fig. 4 (b). 
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be ground, it is practical to state that -002” would be the minimum 
amount removed from one face, thereby leaving -007” as the maxi- 
mum amount removed from the other face. 

This statement is proved by the following :— 

The greatest turned width of the washer is -102” and -002” is 
the minimum that it is practical to remove from a face by grinding, 
therefore -100” is the greatest width after one face has been ground. 
The smallest “ground” width of the washer is -093”, therefore -007” 
is the maximum it is possible to remove from a face. Obviously, 
either face could have the maximum or minimum amount removed, 
consequently -0043” + -002}”, 7.e., -002"/-007” is the amount it is 
possible to remove from either face. 

Mathematically, this would be written :— 

-102” — -093” = -009” = -002”/-007” = -0043” + -002}”. 


Rule 4,—(For use when grinding two faces which are tied by a 
dimension and neither of these faces is tied to a fixed face in the 
grinding operation. It can be used to advantage when the grinding 
allowance is very small). The minimum amount removed from 
either face will be -002”. The maximum amount removed will 
be the difference between the smallest finished size and the largest 
rough size, minus -002.” 


The tolerance on the amount ground off the surface of a diameter 
either internal or external, is calculated in the same way as for a 
face, but the result is halved. Fig. 5 (a) shows a diameter turned 
to -262” + -002” and Fig. 5 (b) shows this diameter ground to -250" 


F=}+-E=#1 


\.:260" 249" / 
+264" DIA. “251" DIA. 
Fig. 5 (a). Fig. 5 (b). 


+:001”.. The amount removed will be -012” + -003”, but this 
figure must be halved to find the amount that is removed from the 
surface of the diameter which is -006” + -0013”. The term “amount 
removed from the surface of a diameter’’ is, of course, the same as 
“the amount removed from a radius,” but the former is more 
commonly used. 

Proof is supplied by the following calculations. Half of the 
greatest turned diameter is -132” and half of the smallest “ground” 
diameter is -124}”, therefore the maximum amount it is possible 
to remove from the surface is -007}”, 7.e., -006”+-0014”. Half 
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of the smallest turned diameter is -130" and half of the greatest 
“ground” diameter is -125}”, therefore the minimum amount it is 
possible to remove is -004}”", z.e., -006” —-0013”. 
Mathematically, this would be written :— 
+262” + -002” 
+250” + -001” 


012” + -003” 


012” + -003” 
2 


Rule 5,—The tolerance on the AMOUNT REMOVED FROM THE 
SURFACE OF A Bore or A DiaMETER is half the sum of the tolerances 
on the rough and finished diameters. 


= :006” + -0014”. 


The following problem is rather similar to the one described 
at Fig. 3. The “tight” size on the turned diameter is for the 
purpose of location at an intermediate operation. 

If Rule 5 is used on the part shown at Fig. 6, it will be found 
that the tolerance on the amount removed from the surface of the 
diameter is greater than the mean figure. 

The amount removed in theory will be -004” -+ -006”, z.e., half 
of -258” + -002” minus half of -250”-+ -010". In practice (as 
previously explained in Rules 3 and 4), -002” will be the minimum 
removed, as the surface must be touched, and it is obviously 
impossible to remove -004”—-006", i.e., put -002” on! The maxi- 
mum amount will be -004” +-006", therefore -002"/-010" is the actual 
amount it is possible to remove from the surface of the diameter, 
and -004” + -006" in theory becomes -006” + -004” in practice. 

The following proof should make this clear :— . . 

Half of the greatest turned diameter, shown in Fig. 6 (a), is 
+130" and half of the smallest ‘“‘ground” diameter, shown in Fig. 6 (0), 
is -120", therefore the maximum amount it is possible to remove 
from the surface is -010,.”. Half of the smallest turned diameter 
is -128” and half of the greatest “ground” diameter is +130", there- 
fore, as the diameter cannot be increased and must be decreased, it 


iano: ey 


-256"/ 


*260'DIA. 7-010" DIA. 
Fig. 6 (a). Fig. 6 (b). 
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can be stated that the minimum amount removed will be 002”. 

Mathematically, the problem would be written :-— 

004” + -006” = -002"/-010" = -006” + 004”. 

Rule 6.—(For use when, after using Rule 5, the tolerance is 
found to be greater than, ‘wo thou. less than the mean figure, 7.e., 
mean figure -004” minus -002” equals -002"). The minimum 
amount removed from the surface of the diameter will be -002”. 
The maximum amount removed will be half of the difference 
between the largest rough diameter and the smallest finished 
diameter. 


The following example shows the necessity of knowing the 
tolerance on the amount being removed from any ‘“‘face.” 


_ What must be the length of the shank in the turning operation, 
Fig. 7 (a), to achieve a length of 3” + -010” when the face is ground 
b)? 


to the dimension shown in Fig. 7 ( 
Y, YY 
aa LLLLLLLLL LLL) 
Up 
Li 


wi 
Wi 


| 
pee es ewe 
pss'je SHANK [:249 
72597, Cong e5l") 


Fig. 7 (a). Fig. 7 (b). 


It is found by using Rule 2, that -004"/-010" will be removed 
from the face by grinding, therefore the turned length should be 
500” + -010” minus -007” -+ 003”. This equals -493” + -007” and 
can be proved by the following explanation. The greatest turned 
length is -500” and the greatest amount that is allowed to be 
ground off the face is -010”, this will achieve a length of -510", 7.e., 
500” + -010". _The shortest turned length is -486” and the smallest 
amount that is ground off the face is -004”", this will achieve a 
length of -490”, 7.e., -500”—-010”. 

Mathematically, this would be written :— 

500” + -010” 
007” + -003” 


493” + -007” 
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By applying Rule 1 we have further proof. Overall length of 
the part would be -750” + -009”, 7.¢., -257” + -002” plus -493” + 
007”. The finished head width is -250” + -001’, therefore the 
finished shank length would be -500” + -010’. 

Mathematically, this would be written :— 


+257” + -002” 750” + -009” 
-493” +. -007” +250” + -001” 
750” + -009” 500” + -010" 


Rule 7.—The tolerance on a ‘“RoucH LENGTH” is the tolerance 
on the finished length minus the tolerance on the amount to be 
removed. 


The next example is the reverse of that shown in Fig. 7. What 
will be the length of the shank in the grinding operation, Fig. 8 (2), 
if the turned length shown in Fig. 8 (a) is -618” + -002” and -007” 
+t :003” is to be removed by grinding ? 


130" 616" 124" 
1347) | 620" 4. | i126" 
Fig. 8 (a). Fig. 8 (b). 


The amount removed from the face will obviously increase the 
length of the shank and the tolerance will be greater. -618” + -002” 
plus -007” + -003” equals -625” + -005”. 

This can be proved by the usual method that the greatest 
turned length is -620” and the greatest amount to be removed from 
the face is -010” and therefore -630”, z.e., -625” +-005”, will be the 
greatest length achieved. The shortest turned length is -616” and 
the smallest amount to be removed from the face is -004”, therefore 
+620”, 7.e., 625” —-005”, will be the shortest length achieved. 

Mathematically, this would be written :— 

618” + -002” 
-007” + -003” 


625” + -005” 
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This can also be proved by using Rule 1. The overall length 
is +750" + -004’, z.e., -618” + -002” plus -132”+ -002” and the 
finished width of the head is -125” + -001’, therefore the finished 
length of the shank is -625” + -005”, 7.e., *750” + -004” minus 
+125” + -001”. 


Mathematically, this would be written :— 


618” + -002” -750" + -004” 
+132” + -002” 125” + -001” 
-750” + -004” 625” + -005” 


Rule 8,—The tolerance on a “FINISHED LENGTH” is the 
tolerance on the rough length plus the tolerance on the amount 
removed. 


Other problems, often encountered, are chamfers and counter- 
sunk holes. Fig. 9 shows a chamfer which has to be 7” + -010" 
deep when -007” + -003” is removed from the face. 


UV pllt ot 
WMA 


Fig. 9. 


No angle has been shown, as this problem is common to all 
angles and can be solved by the same method as used for Fig. 7. 
Remembering that the amount removed from the face must be 
added to the finished depth in this case, the “rough” depth of the 
chamfer will therefore be -062}” + -010” plus -007” + -003”, which 
equals -0693” -+- -007”. 

The usual — can be applied as follows :— 


The greatest “rough” depth of chamfer is -076}", 7.c., -069}” 
+-007” and the smallest amount removed from the bes is 004", 
therefore - 0724", i.e., 4,” +-010" will be the greatest finished depth 
re chamfer. The smallest ‘ ‘rough” depth of chamfer is -062}", 

-0693” — -007” and the greatest amount removed from the face 
a 7010", therefore -0523”, i.¢., 7,” — -010" will be the smallest 
finished depth of chamfer. 
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Mathematically, the problem would be written :— 
-0623”+-010” 
007” +-003" 


-0694”-L-007” 


Rule 9.—The tolerance on the “RouGH DEptH” oF ANY 
CHAMFER is the tolerance on the finished depth minus the tolerance 
on the amount removed from the face. 


Fig. 10 shows a 45° chamfer, which has to be +” + -010” deep 
when -006” ++ -0014” has been removed from the surface of the bore. 
It must be remembered that as two sides of a 45° triangle are equal, 
any amount removed in the vertical direction will be the same as 
that removed in a horizontal direction, or, vice versa, and the depth 
must therefore be increased by -006” + -001}”. 


In this instance, the mean figures are added, but the tolerances 
are subtracted. This gives the “rough” size of the chamfer as 
“0684” + -O0084", t.¢., -060"/-077". . 

The usual proof can be applied. The greatest “rough” size 
of chamfer is -077” and the smallest amount removed from the 
surface of the bore is -0043", i.e., -006”—-0014", therefore -072}” 
will be the greatest finished size of chamfer. The smallest “rough” 
size of chamfer is 060” and the greatest amount removed from the 
surface of the bore is -0073", z.e., -006”+-0013’, therefore -052}” 
will be the smallest finished size of chamfer. 

Mathematically, this would be written :— 

-0624”+--010" 
006” +-0014” 


-0684”+-0083” 
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Rule 10.—The tolerance on the ‘““RoucH Drpru’” of a 45° 
CHAMFER is the tolerance on the finished size minus the tolerance 
on the amount removed from the surface of the bore, or the diameter. 


Chamfers at other than 45° are more complicated and are solved 
in the following manner. Fig. 11 shows a common 60° centre by 
4," 4-010" deep. This obviously gives a 30° chamfer. The 
amount to be removed from the surface of the bore is -007” -- -002”, 
therefore the chamfer is affected by that amount in a vertical 
direction. 


en “aaa, 


= é 


Fig. 11. 


To find the effect that this will have on the depth (which is in a 
horizontal direction), trigonometry must be used. -007” x cotangent 
of 30° gives the mean figure of the amount to be removed in a 
horizontal direction, therefore -002” x cotangent of 30° gives the 
tolerance on this mean figure. The amount removed horizontally 
will be found to be 012124” + -003464”. For practical purposes, 
the dimensions achieved are approximated thus, -012}” + -003}”. 
The same method as for a 45° chamfer is now used. "Finished 
depth -062}” + -010” plus -0123” + -0033” equals -074§” + -0063”, 
Z.e., 068%"/-081}". 7 eens 

As there is quite a large tolerance on this dimension it is usual 
to approximate to the nearest thou., as previously explained. The 
“rough”’ depth of the 60° centre will appear on the operation sheet 
as -069"/-081", as approximations should always be made inwardly. 

The following proof should make this clear :— 

The greatest “rough” size of chamfer is -081”, and the smallest 
amount removed from the surface of the bore in a horizontal 
direction is -0083”, z.e., -012}” —-003}”, therefore -0723” will be the 
greatest finished depth of chamfer. The smallest “rough” size of 
chamfer is -069", and the greatest amount removed is -0158", 7.e., 
0124” + 0034”, therefore -0533” will be the smallest finished depth 
of chamfer. 

The slight variation between “‘finished part drawing’’ size, 
-0524”/-0723”, and the achieved finished size, -0533"/-0723", has 
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been caused by approximating the calculations, but the achieved 
depth comes within the finished size and is the best that can be 
done, for practical reasons. 
Mathematically, the calculation of this problem would be 
written thus :— 
+007” x cot. 30° = -012}” approx. 
002” x cot. 30° = -0034” approx. 
-0623” + -010” 
0124” + -0033” 


0748” + -006}” 


0743” + -006}” = -068}”/-081}” = -069”/-081” approx. 
Rule 11.—The tolerance on the “RoucH DreptH’’ of a CHAMFER 
AT OTHER THAN 45° is the tolerance on the finished size, minus the 
cotangent of the angle times the tolerance on the amount to be 
removed from the surface of the bore, or the diameter. 45° chamfers 
are only excluded from this rule as it is unnecessarily complicated 
by the cotangent, cotangent of 45° being 1-000. 


It is often necessary to find the tolerance on the diameter of a 
90° countersink, or a 45° chamfer, which has been given as a depth 
(see Fig. 12). To maintain the depth of -035” the mean figure 
of the diameter must obviously be -320’, 7.¢., -250” + -035” + -035”. 
The tolerance on this diameter will be +-009”, z.e., :005” +-005” 


— 001". 


Proof that -320” -- -009” diameter is correct is as follows :-— 

As both diameters are on the same centre, the depth of the 
chamfer will be constant, therefore the greatest depth will be the 
difference between the greatest radius of the chamfer and the 
smallest radius of the bore, i.e., 164” minus -1244” equals -040". 
The smallest depth of the chamfer will be the difference between 
the smallest radius of the chamfer and the greatest radius of the: 
bore, i.e., -155}” minus -125}” equals -030". 


. 
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Mathematically, the problem would be written :— 
2 (-035” + -005”) = -070” + -010’ 
-070" + -010” 


-250" + -001” 


+320” + -009” 


If the diameter of a 45° chamfer is given and it is necessary to 
find the depth which will achieve this diameter, a similar calculation 
is made, thus :— 

Say the diameter to be achieved is -320” + -009”, then the depth 
of chamfer must be made -035” -+ -004”. This is proved by adding 
the greatest size of the bore to twice the greatest depth of the 
chamfer, to find the greatest diameter of chamfer achieved, i.c., 
+251” plus -078” equals -329”. The smallest bore diameter plus 
twice the smallest depth of the chamfer is the smallest diameter of 
chamfer achieved, 7.¢., -249” plus -062” equals -311”. 

Mathematically, this would be written :— 

+320” + -009” 
+250" + -001” 


070” + -008” 


% (-070" + -008”) = -035” + -004”. 

Rule 12,—The tolerance on the diameter of a 90° countersink 
or a 45° chamfer is twice the tolerance on the depth (or width) minus 
the tolerance on the finished bore (or outside diameter). Inversely, 
the tolerance on the depth is half of the difference between the 
tolerance on the diameter of the chamfer and the tolerance on the 
bore (or outside diameter). Applies where it is necessary to give 
a diameter to maintain a depth or vice versa. 


To find the tolerance on the diameter of any chamfer at other 
than 45°, which has been given as a depth, the following method 
is applied. Fig. 13 shows a 60° centre by 7” + -010" deep. The 
mean figure of the diameter will obviously be twice the mean figure 
of the depth times the tangent of 30°, plus the mean figure of the 
bore, 7.¢., 2*-062}"xtan 30°+-250". This equals -322175”, or 
for practical purposes -322,,”._ The tolerance on this mean figure 
will be twice the tolerance on the depth times the tangent of 30°, 
minus the tolerance on the bore, i.e, 2*-010”xtan 30°--001”. 
This equals -010548", or for practical purposes -0107;". 

Consequently, to achieve the correct tolerance on the depth 
of the chamfer, the diameter must be given as -322,” + -0107;”, 
7.é., °3113”/-3323”. As previously explained, this dimension must 
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be approximated inwardly to the nearest thou. and the dimension 
on the operation sheet would be -312”/-332”. 

To prove these statements the usual method is applied. The 
greatest depth of chamfer will be, half of the difference between 
the greatest diameter and the smallest bore, times the cotangent 
of 30°, te, 4 (332” — -249”) x cot 30°. This equals -0714” approxi- 
mately. The smallest depth of chamfer will be, half of the 
difference between the smallest diameter and the largest bore, 
times the cotangent of 30°, i.¢., } (:312”—-251") xcot 30°. This 
equals -0524%” approximately. 

The achieved finished size (-052f,"/-071§"), comes within the 
“finished part drawing” size (-052%"/-0723"), the slight variation 
having been caused by approximating the calculations. 

Mathematically, the problem would be written :— 

2 x -0624” x tan 30° + -250" = -322j," approx. 
2 x -010 ” x tan 30° — -001” = -0103%” approx. 
+3228," + 010-8,” = -3118"/-332%” = -312/-332" approx. 

If the diameter of a chamfer at other than 45° is given, and 
is necessary to find the depth which will achieve this diameter, 
similar calculation is made, thus :— 

Say the diameter to be achieved is -322”+ -010’, then the 
depth of chamfer must be made -055”/-070", 7.¢., -062§” + -007}” 
approximated. This is proved by adding twice the greatest depth 
of chamfer times the tangent of 30° to the greatest bore, #.e., :251” 
+2 (070"xtan 30°). This equals -3314§” approximately, and is 
the greatest diameter of chamfer achieved. The smallest diameter 
achieved is, twice the smallest depth of chamfer times the tangent 
of 30°, plus the smallest bore, .e., -249” +2 (-055" x tan 30°). This 
equals +3123” approximately. The achieved finished size (:3123"/ 
-3314”) comes within the “finished part drawing” size (-312"/-332"). 

Mathematically, the problem would be written :— 

3 (-322” — -250") x cot 30° = -0623” approx. 
3} (-010”—-001") = cot 30° = -007}” approx. 
“0623” + 0073” = -0548"/-0702” = -055"/-070" approx. 
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Rule 13.—The tolerance on the diameter of a chamfer at other 
than 45° is, éwice the tolerance on the depth (or length) times the 
tangent of the angle, minus the tolerance on the finished bore (or 
outside diameter). Inversely, the tolerance on the depth is half 
of the difference between the tolerance on the diameter of the 
chamfer and the tolerance on the bore (or outside diameter) times 
the cotangent of the angle. Applies where it is necessary to give 
a diameter to maintain a,depth or vice versa. 


Fig. 14 shows a 45° chamfer with a finished diameter of -500” 
£010”. As the face is to be ground at a later operation, it is 
necessary to know the tolerance on the “rough” diameter. -008” 
+-002” is the amount to be removed, therefore, as shown by 


LLL 


previous examples, the mean figure of the rough diameter will be 
+516”, z.e., -500” +-008” +-008”". The tolerance will be -006", 7.e., 
-010” — (-002” +002"), giving the size of the rough diameter as 
516” + -006", or -510”/-522”. 

Proof is supplied by the usual method. The greatest rough 
diameter of the chamfer, minus twice the smallest amount removed 
from the face, equals the greatest finished diameter of chamfer, 
t.€., +522" — (-006" x2) = -510". The smallest rough diameter of 
the chamfer, minus twice the greatest amount removed from the 
face, equals the smallest finished diameter of chamfer, i.c., -510” 
—(-010" x2) = -490”. 

Mathematically, the problem would be written :— 

2 (-008” + -002”) = -016” + -004” 
500” +- -010” 


-016” + -004” 


-516” + -006” 
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Rule 14.—The tolerance on the rough diameter of a 90° counter- 
sink or a 45° chamfer, is the finished tolerance minus twice the 
tolerance on the amount removed from the face. 


Fig. 15 shows a 60° centre with a finished diameter of -500" 
-+-010”. The face is to be ground at a later operation, so it is 
necessary to know the tolerance on the rough diameter. -008” 
+--002” is the amount to be removed, therefore, as shown in previous 
examples, the mean figure of the rough diameter of the chamfer 
will be -509238” or -509}” approximately, 7.e., -500” + (2 x -008” x 
tan 30°). The tolerance will be -007690” or -0074}” approximately, 
t.e., 010" —(2 x 002” x tan 30°). The size of the rough diameter 
of the chamfer will, therefore, appear on the operation sheet as 
502”/-516". 

Proof is supplied by the following :— 

The greatest rough diameter of the chamfer, minus twice the 


Wt, 


Fig. 15. 
smallest amount removed from the face times the tangent of 30°, 
equals the greatest finished diameter, i.e., 516” — (2 x -006” x tan 30°) 
=:5097;" approx. The smallest rough diameter of the chamfer, 
minus twice the greatest amount removed from the face times the 
tangent of 30°, equals the smallest finished diameter, t.é., *502” 
—(2%-010" x tan 30°) = -4903%@” approx. The slight variation 
between the “finished part drawing’ size (-490"/-510") and the 
achieved finished size (-490¥"/-50934,”) is, as explained in previous 
examples, the result of approximating the calculations, but the 
latter comes within the former and it is the nearest it is practical 
to achieve. 
Mathematically, the problem would be written :— 
2 x -008” x tan 30° = -009}” approx. 
2 x -002” * tan 30° = -002%;” approx. 
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Rule 15,—The tolerance on the rough diameter of a chamfer 
at other than 45° is the finished tolerance, minus twice the tolerance 
on the amount removed from the face times the tangent of the 
angle. 


The final rule in this thesis concerns the tolerances on sides of 
a triangle. 
Fig. 16 shows a triangle with sides A, B and C, the lengths of 
which are -500’, -400” and -300” respectively. 
To achieve the tolerance on side A as -- 010", the tolerance on 
_-400" x-010" 
-500” 


+300” x -010” 
-500” 


: 
(e) 


This statement can be proved by applying the following geo- 
metrical fact. When the angles in a triangle are equal to the 
angles of another triangle, the triangles are similar and their corres- 
ponding sides are proportional. 

The greatest length of side B is given as -408", therefore the 

: : = : 408” x -500” 
greatest length of side A will be -510”, z.e., 400" 


side B must be + -008”, i.e., » or the tolerance on 


side C must be + -006”, i.e., 


The shortest length of side B is given as -392”, therefore the 
392” x -500” 
-400” 
The greatest length of side C is -306”, therefore the greatest 
-306” x -500” 
-300” 


shortest length of side A will be -490”, 7.2., 


length of side A will be +510”, i.e., 
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The shortest length of side C is -294”, therefore the shortest 
+294" x -500” 
“300” 


The following statements can be proved by the same method. 
To achieve the tolerance on side B as + -010’, the tolerance on 


length of side A will be -490”, z.e., 


f -500” x 010” 
side A must be +-0123%”", ze., 400"? oF the tolerance 
+300” x 010” 
. ANG th okee ee 
on side C must be +-007}", Z.e., "400" 
To achieve the tolerance on side C as + -010’, the tolerance 
500” x -010” 
on side A must be +-0163”, 7,¢., ST ae 3 or the tolerance 
' at -400” x -010” 
on side B must be +-0134", ze., —3007 


Mathematically, the problems would be written as shown in 
the examples. 


Rule 16.—To achieve the tolerance on any side of a triangle, 
the tolerance on the side given must be in the same proportion to 
the tolerance ¢o be achieved, as the mean figure given is to the mean 
figure of the side to be achieved. This rule applies to avy triangle, 
whether right angle or otherwise. 


When the foregoing rules have been thoroughly digested, the 
formulae, given at the end of the book, should be sufficient to solve 
any ‘‘tolerance’”’ problem. 


RULE APPLICATION IN PRACTICE. 


Once the rules have been mastered, the dimensioning of opera- 
tion sheets should be fairly straightforward, but a few examples 
showing the dimensioning of a series of sheets, which will produce 
a finished part, should make the whole process clear. 

The following sketches are not intended to be well designed 
from an engineering point of view, but have been drawn with the 
sole object of explaining tolerances. 

The finished part shown in Fig. 17 has to be achieved in five 
operations, and the layout reads as follows :— 


Operation 1.—Face end face, turn to -887"/-891” diameter and 
face flange, leaving -007” for grinding. Turn flange diameter to 
1:505"/1-507", chamfer at 45° and 30°. Form recess. Drill and 
ream -439"/-442” diameter and bore -495”/-505” diameter to depth. 


1" 


Part off plus ;',”. 
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, Operation 2.—Face flange to -105’/-109” and chamfer bore at 
5°. 


Operation 3.—Drill 4” diameter hole through one side only. 

Operation 4.—Grind bore to -450"/-451” diameter. 

Operation 5.—Grind 1-495”/1-505” and -874”/-876" diameters 
and flange face. 

The operation sheets would be dimensioned, as shown in Figs. 
18 to 22, and the following text explains how the figures shown 
oad oa calculated. All fractional figures are allowed a tolerance 
of + -010". 


Operation 1 (Fig. 18). 

The finished overall length of 1-000” + -005” must be achieved, 
therefore as the width of the flange in Operation 2 is to be -107” 
=t'002", the length from the small end face to the flange face must 
be given as -893” + -003”. (Rule 1). 

1-000” + -005” 
-107” + -002” 


+893” + -003” 


The finished length of the -450” diameter bore must be achieved 
as -375” + -010’, therefore, as the overall length will be 1-000” 
£005”, the depth of the }” diameter bore must be given as -625” 
+:005”. (Rule 1). 
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45%1|_-038" 
a" -068" 
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Fig. 18 (Op. 1). 


1-000” + -005” 
+375” + -010” 


625" + -005” 


The amount to be removed from the surface of the s 


mall diameter 


is -007” -+ -001}” as the turned diameter in Operation 1 is -889” 


- 002” and the ground diameter in Operation 5 is - 
(Rule 5). FE 


“889” + -002” 
875" + 001" .g14” 4 003" 
-014” + -003” 2 


‘875” + -001”. 


= -007” + -001}” 


The finished depth of the 30° chamfer must be achieved as 
0624” + -010". The amount removed from the diameter will 


lengthen this dimension by approximately -012%” + 
007” + -0014” x cot 30°, therefore the turned depth o: 
must be given as -0743” + -0073” or -068”/-082”. 


007” x cot 30° = -012%” approx. 
+0013” x cot 30° = -0023” approx. 
0624" + -010’ 
-0124"  -0028” 


0748" + -0073” 


+ -0028”, i.e., 
f the chamfer 
Rule 11). 


-067}"/-082” or -068”/-082” approx. 
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The amount to be removed from the flange face is -007” + -003” 
as the turned width in Operation 2 is -107” + -002” and the ground 
width in Operation 5 is -100” + -001”. (Rule 2). 

02: 


The amount to be removed from the surface of the flange 
diameter is -004” + -002’, as the turned diameter in Operation 1 
is 1-506” + -001” and the ground diameter in Operation 5 is 1-500” 
+ -005”. (Rules 5 and 6). 


1-506” + -001” 
1:500" + 005” ggg + .9g 


= = 003” + -003” 
-006” + -006” 

003” + -003” 

~~ 9 + 001” = -004” mean figure. 
003” + -003” 

~~ 9 ~ +001" = -002” tolerance. 


For explanation of the last two calculations see ‘‘Tolerance and 
Mean Figure Formulae” at end of book. ‘Amount removed from 
the surface of a diameter.” (Rule 6): 

The finished depth of the 45° chamfer on the flange must be 
achieved as -031}” + -010”. The amount to be removed from the 
face is 007" + -003” and the amount to be removed from the surface 
of the diameter is 004” + -002”, therefore the tured depth of 
chamfer must be given as -0421” + -005” or -038"/-047”. (Rules 9 


and 10). 
“0314” + -010" 
“007” + -003” 
“0384” + -007” 
-004” + -002” 


0424" + 005” = -0374"/-047}" or -038"/-047" approx. 


The finished depth of the recess must be achieved as -030” 
-t 005”. The amount to be removed from the face is 007” +--003", 
therefore the depth of the recess in Operation 1 must be -037” 
-£ 002". (Rule 7). 
+030” + -005” 
-007” + -003” 


037” + -002” 
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If the latter calculation is reversed, Rule 8 is proved as follows :— 
037” + -002” turned size. 


-007” + -003” to be removed. 


+030” + -005” finished size achieved. 


Operation 2. (Fig. 19). 

The amount to be removed from the 
surface of the bore is -005” + -001” as 
the reamed diameter in Operation 1 is 
-4403” + -0013” and the ground diameter 
in Operation 4 is -4503” + 0003”. 
(Rule 5). 

“4504” + -0003” 
4404” + -0013” 


010” + -002” 


010” + -002” 
——— = -005” + -001” 


Fig. 19 (Op. 2). 


The finished depth of the 45° chamfer in the bore must be 
achieved as 035” + 005”. The amount to be removed from the 
surface of the bore is -005” +- -001”, therefore the turned depth of 
chamfer must be given as -040” + -004”. (Rule 10). 

035” ++ -005” 
005” + -001” 


040” + -004” 


486" : Operation 3. (Fig. 20). 
Zi ea es sys 
7” psciyual 7 ILL DIA. The finished position of the }” 
G 500" | ARILLG DIA diameter hole must be achieved as 
y +500” -+ :010" from the flange face. 

7, The amount to be removed from 
WALZ this face is -007” + -003”, therefore 
the position of the hole in Operation 3 
must be -493” ---007" from the flange 
face. (Rule 7). 

500” + -010” 

007” + -003” 


493” + -007” 


Fig. 20 (Op. 3) 
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If this calculation is reversed, Rule 8 is proved as follows :— 
-493” + -007” position at Operation 3. 
-007” + -003” to be removed. 


500” + -010” finished position achieved. 


Fig. 21 (Op. 4). Fig. 22 (Op. 5). 


Operation 4. (Fig. 21). 


By grinding the bore to -450}” + +0003” diameter, the -035” 
t 005” x 45° chamfer is achieved, 


Operation 5, (Fig. 22). 

By grinding the small diameter to -875” -- 001” the ay” + -010” 
x 30° chamfer is achieved. By grinding the flange diameter to 
1-500” + -005”, and the flange face to -100” -- -001” wide, the zy” 
=k 010” x 45° chamfer is achieved. The depth of the recess, -030” 
=t 005”, and the position of the 1” diameter hole are also achieved 
by grinding the flange face. 

It is opportune to mention that sometimes finished sizes have 
to be “tightened up” in order to achieve other sizes. For example, 
if the overall length had been allowed a tolerance of + :010’, the 
full tolerance could not be used, as the length of the -450” bore 
must finish within the same tolerance. It must be remembered 
that any achieved size has a tolerance which is equal to the sum 
of the tolerances of the dimensions used to achieve that size. 


In Operation 1 the ” + -010” x 30° chamfer could have been 
given as a diameter, and it would therefore be unnecessary to 
determine the amount being removed from the surface of the small 
diameter. The finished outside diameter is -875” + -001”, therefore 
the diameter of the chamfer, which will achieve the depth stated, 
would be given as -80243” + -01074;” or -793”/-813”. (Rulé 13). 
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2 (-062}” x tan 30°) 
2(-010" x tan 30°) 
875" + -001" 
072-25" J 


E O11%” 
80243” 


-0723;" approx. 
01144" approx. 


Voll 


0103" = -792}4"/-8133" or -793"/-813” approx. 


In Operation 2, the -035” + -005” x 45° chamfer could also 
have been given as a diameter, thereby making it unnecessary to 
determine the amount being removed from the bore. The finished 
diameter of the bore is -450}” + -000}”, therefore the diameter of 


the chamfer which will achieve the stated depth would be -520}” 
+ 0092”. (Rule 12). 


2 (-085"4-005") = -070" + -010" 
4504” + -0003" 
070" + -010" 


“5204” + -0093” 


Whether depth or diameter of chamfer is to be given is the jig 
and tool department’s decision, depending on the design of tools 
and gauges. Usually a depth is given unless otherwise requested. 


The finished part shown in Fig. 23 has to be achieved in five 
operations, and the layout reads as follows :— 

Operation 1.—Turn outside diameter to 1:510”/ 1-520”, and face 
small end face. Turn §” diameter, form 1}” diameter recess, face 
to -241"/-243” from end face and chamfer at 45° and 15°. Drill 
and ream :448"/-450" diameter, counterbore §” diameter by -054”/ 
-056” deep and chamfer bore at 30°. Part off plus a”. 

Operation 2,—Face to overall width, chamfer outside diameter 
at 45° and chamfer bore at 30°. 

Operation 3,—Grind bore to -460"/-462” diameter. 

Operation 4,—Grind face to -061"/-063”. 

Operation 5.—Grind face to -249"/-251”. 

The operation sheets would be dimensioned, as shown in Figs. 
24 to .28, and the following text explains how the figures shown 
have been calculated. All fractional figures are allowed a tolerance 
of + 010". 


Operation 1. (Fig. 24). 

The amount to be removed from the large face by grinding is 
-008” + 002”, as the turned dimension in Operation 1 is -242” 
++ 001” and the “ground” dimension in Operation 5 is -250" + -001”. 


(Rule 2). 
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1-460" DIA. 


Fig. 23. 


+250" + -001" 
+242” + -001" 
008” + -002” 


The finished diameter of the 45° chamfer must be achieved as 
1:3124” + -010” The amount to be removed from the face is 
-008” + -002” and this will affect the diameter by -016” + -004”, 
therefore the diameter of the chamfer at Operation 1 must be given 
as 1-328}” + -006” or 1:323"/1-334”. (Rule 14). 

2 (-008” + -002”) = -016” + -004” 
1-312}” + -010" 
016” + -004” 


1-328” + -006” = 1-322}"/1-334}” or 1-323”/1-334” approx. 


The finished diameter of the 15° chamfer must be achieved as 
1-455” + -005”. The amount to be removed from the face is -008” 
-£-002” and this will affect the diameter by approximately -0047%” 
+:0014;", @.¢., 2 (-008” + -002” x tan 15°), therefore the diameter 
of the chamfer at Operation 1 must be given as 1-45044” + -00343” 
or 1-447"/1-454". (Rule 18). 

2 (008" x tan 15°) = -0043,” approx. 
2 (-002” x tan 15°) = -00144” approx. 
1-455” +:-005” 


-004$,"+-0017;” 
1-4504}"-+ 00343” = 1-4463"/1-4543" or 1-447"/1-454” approx. 
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Y (Ld), aman 
2 


r454" DIA 


Fig. 24 (Op. 1). 


The amount to be removed from the counterbore face is -007” 
-+-002” as the turned depth in Operation 1 is -055" + -001” and the 
“ground” depth in Operation 4 is -062” + -001”. (Rule 2). 

062” + -001” 
055” + -001” 


007” + -002” 


The finished diameter of the 30° chamfer must be achieved as 
+5314” + -010”. The amount to be removed from the face is 007” 
-+£-002” and this will affect the diameter by -008j;" -+ 002%”, 4G. 
2 (-007” + -002” x. tan 30°), therefore the diameter of the chamfer 
at Operation 1 must be given as 5395” -£ -00744” or -532”/-547”. 
(Rule 15). 


2 (-007” x tan 30°) = -008;” approx. 
2 (-002” x tan 30°) = -002j5” approx. 
5312”." + -010” 
008-4” + -0023,” 


“539-f;” + 0079” = -5318"/-547" or -532"/-547” approx. 


Operation 2. (Fig. 25). 

The finished overall width of 1-000” -+ 010” must be achieved, 
therefore as the dimension from the small end face to the recessed 
face in Operation 1 is -242” + -001”, the dimension from the recessed 
face in Operation 2 must be given as -758" + -009”. (Rule 1). 
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1-000” + -010” 
+242” + -001” 


-758" + -009” 


Another way of dimensioning the 45° chamfer in this operation 
would be to give the depth instead of the diameter. The finished 
outside diameter is 1-515” + -005”, therefore to achieve the diameter 
of the chamfer as 1-4374” 010", the depth must be given as 
-038}"'+ 0023” or -037"/-041". (Rule 12). 


1515” + -005" 
1-4374" + -010" 


0774" + +005” 


0774" + -005" 
— J = 1038)" + -0024" = -036}"/-041}" or 
-037"/-041" approx. 


+749" The amount to be removed 
*767" from the surface of the bore is 
006” + 001” as the reamed dia- 


GW A meter in. Operation 1 is -449” + 
001” and the ground diameter 
ae in Operation 3 is -461” + -001”. 
(Rule 5). 
461” + -001” 
ng 449” + -001 
012” + -002" 
012” + -002” 
2 = :006” + -001” 


Fig. 25 (Op. — 


The finished depth of the 30° chamfer on the plain face must 
be achieved as -062}” + -010”. The amount removed from the 
surface of the bore in —en 3 is 006” + -001” and this will 
affect the depth by approximately -0103” +--0012”, 7.2., -006” +--001” 
x cot 30°, therefore the turned depth of the ‘chamfer must be 
given as 0725" + :008}” or -065’/-081". (Rule 11). 

006” x cot 30° = -0103” approx. 
= -0012” approx. 


0723” + -008}” = -064§"/-081}” or -065”/-081" approx. 
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Operation 3, (Fig. 26). 
By grinding the bore to -461” + -001” diameter, the j;” -+- -010” 


x 30° chamfer is achieved. 
Ye 


=i 
al J 
ZH 


Fig. 26 (Op. 3). Fig. 27 (Op. 4). 


Operation 4, (lig. 27). 
By grinding the counterbore face to -062" + -001” the 33” 
+ 010" diameter x 30° chamfer is achieved. 


+249" Operation 5. (Fig. 28). 
e25|" By grinding the recessed face to +250" 
+ -001” the 1:455” +005” diameter x 
15° chamfer and the 1+,” --010” diameter 
x 45° chamfer are achieved. 
In Operation 2 the ;” + -010" x 30° 
chamfer could have been given as a 
diameter, thereby making it unnecessary 
to determine the amount being removed 
from the surface of the bore. The finished 
diameter of the bore is -461” + -001’, 
therefore the diameter of the chamfer 
which will achieve the stated depth would 
be given as *5337{5" + ‘010%" or +523”/ 
Fig. 28 (Op. 5). 543". (Rule 13). 
(-0623” x tan 30°) = -072%5” approx. 
(-010” x tan 30°) = -0117%” approx. 
+ -001” 
O11 4” 
0102,” = 5228/5432" or -523”/-543” approx. 


2 
2 


The finished part, shown in Fig. 29, has to be achieved in four 
operations, and the layout reads as follows :— 
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Operation 1.—Turn outside diameter to 1-348”/ 1352”, face and 
chamfer outside diameter at 45°. Drill and ream *400”/-404” and 
chamfer bore at 45°. Part off plus 4’. 


a 


30 | -B80"RcDia: 


< 
a 
cu 
lo 
alc) 


“ 
Il4@ pia. 


SMOOTH FINISH. 3 HOLES +124%/-125% Dia. 
Fig. 29. 


Operation 2.—Face to -250"/-254” wide and chamfer at 45°. 

Operation 3.—Drill and ream three holes, +1243”/-125}” diam. 

Operation 4.—Skim grind face to overall width. (Note smooth 
finish). 

The Operation Sheets would be dimensioned, as shown in Figs. 
30 to 33, and the following text explains how the figures shown 
have been calculated. All fractional figures are allowed a tolerance 
of + -010”. 


Operation 1. (Fig. 30). 
The dimensioning of this operation is quite straightforward, 


all dimensions given being finished sizes except, of course, the 
parting off dimension. 


Another way of dimensioning the }” diameter x 45° chamfer 
in this operation would be to give depth instead of the diameter. 
The finished diameter of the bore is -402” ---002", therefore to 


achieve the diameter of the chamfer as -500” + -010", the depth 
must be given as -049” + -004”. (Rule 12). 


500” + -010" 
402" +002” gogr 1. .gggr 


098” + -008” 2: = 3089" = 008" 
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The -045” x 45° chamfer could be given as a diameter instead 
of as a depth. The finished outside diameter is 1-350” -+- -002”, 
therefore to achieve the depth of the chamfer as -045” + -005”, the 
diameter must be given as 1-260” + -008”. (Rule 12). 


2 (045” + -005”) = -090” + -010” 


1-350” + -002” 


-090” + -010” 


1-260” + -008” 
It is opportune to mention that jig and tool draughtsmen will 
find Rule 12 very useful for the gauging of 45° chamfers, where 


on it is usually necessary to give a diameter 
64. 


to achieve a depth. 
-040" _ This raises a rather interesting point. 
"050" According to the “finished part drawing” 


the component should pass inspection if 
the outside diameter is 1-348” and the 
diameter of the chamfer is 1-248’, be- 
cause this gives the depth of chamfer as 
-050”. Similarly, if the outside diameter 
is 1-352” and the diameter of the chamfer 
is 1-272", this should also pass inspection 
as the depth of chamfer is -040”. 

At first glance it would appear that the 
chamfer diameter gauge should be made 
1-248”/1-272", but this is not so, because 
it would be possible for scrap components 

Fig. 30 (Op. 1). to get past inspection. For example, a 
component with an outside diameter of 1-352” and a chamfer 
diameter of 1-248” would give the depth of chamfer as -052” and 
a component with an outside diameter of 1-348” and a chamfer 
diameter of 1-272” would give a depth of -038”. 

Therefore, in the correct application of “tolerances” under 
certain conditions, components on the “high” or “low” limits and 
which would pass inspection, are excluded, otherwise a number of 
scrap parts would be produced and passed by inspection. 


This problem can be solved in a number of ways. The design 
department may agree to give a diameter instead of a depth on 
the finished part drawing, or the jig and tool department may 
agree to gauge the depth instead of the diameter. Failing either 
of these a re-inspection could take place where exact measurements 
are made. The problem applies not only to chamfers but to 
recesses, widths and lengths, etc., and is one of the consequences 


of mass production. 


1348" 
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Operation 2. (Fig. 31). 

2250" The face machined in this operation is to be 
"254" ground in Operation 4. Using Rule 2, -002” ++ 
45° -004” is found to be the amount to be removed, 
as the turned width is -252” + -002” and the 
finished ‘‘ground” width is -250” +--002". Using 
Rule 3, -002” + -004” in theory becomes -004 
-+ -002” in practice. 

+252” + -002” 

+250” + -002” 


002” + -004” 


002” + -004” 
2 


002” + -004” 
Fig. 31 (Op. 2). T. 5 


+ -001” = -004” mean fig. 


— -001” = -002”" tolerance. 


For explanation of the last two calculations, see “Tolerance 
and Mean Figure Formulae” at end of book. “Amount removed 
from a face.” (Rule 3). 

The finished diameter of the 45° chamfer machined in this 
operation must be achieved as 1-250” + -010". The amount to be 
removed from the face is -004” + -002” and this will affect the dia- 
meter by -008” +-004”, z.¢., 2 (-004” +-002"), therefore the diameter 
of the chamfer at Operation 2 must be given as 1-242” + -006". 
(Rule 14), 


2 (-004” + -002”) = -008” + -004” 
1-250” + -010” 


008” + -004” 


1-242” + -006” 


Operation 3. (Fig. 32). 

_ If it were necessary, the hole at 30° to the centre line could be 
dimensioned from either of the centre lines instead of being on a 
pitch circle diameter. 

To achieve the -875” + -005” P.C.D., the distance from the hole 
to the vertical centre line must be given as -218}” + -001}" or 
‘2173/-220", together with the 30° angle. (Rule 16). 

*875” + -005” diameter = -4373” -L -0024” radius. 

4373" x sine 30° = 2183” mean figure. © 

0024” x sine 30° = -001}” tolerance ; or 

0023 x +2183” 
4373" 


= -001}” tolerance. 
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To achieve the -875” + -005” P.C.D., the distance from the hole 
to the horizontal centre line must be given as -378%” + -0023” or 
-376}"/-381", together with the 30° angle. (Rule 16). 


° -870" 
39° °880"P.c.Dia. 


DRILL € REAM 
3 HOLES THRO’ 
124%7:125% Dia. 


Fig. 32 (Op. 3). 


+875” + 005” diameter = -437}” + 0023” radius. 
-4371 x cosine 30° = -378%" mean figure. 
0024” x cosine 30° = -0023” tolerance (approx.). 


or 
0024” x -378%" 
4375" = -002} tolerance (approx.). 


It is not advisable to dimension from both centre lines instead 
of using the 30° angle as this would create a tolerance on the angle. 

These two examples will be especially interesting to those 
draughtsmen engaged on designing drill jigs. 


24g" Operation 4. (Fig. 33). 
he52" By grinding the face to -250" —- 002” the 1}” 
+ 010” diameter « 45° chamfer is achieved. 


The finished part, shown in Fig. 34, has to be 
achieved in three operations, and the layout reads 
as follows :— 

Operation 1.—Turn to 1}” diameter, face (leaving 
-004"/-005” for grinding) form recess, face and chamfer 
boss at 30°. Drill and ream -498"/-502” and chamfer 
bore at 30°. Part off plus x”. 

Operation 2.—Face to 1-008"/1-:012" wide, form 
recess and face boss. 

Operation 3.—Grind outside faces to 1-000"/1-002”. 

The operation sheets would be dimensioned, as 
shown in Figs. 35 to 37, and the following text explains 
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how the figures shown have been calculated. All fractional figures 


are allowed a tolerance of + -010 


1-000" 
1002" 


Fig. 34. 


Operation 1. (Fig. 35). 


he amount to be removed from either of the outside faces is 


‘006” + -004”, as the turned width in Operation 2 is 1-010" 3 


and “ground” width in Operation 3 is 1-001” + -001”. 


F005" DIA. 
In 
I14"pia 


Fig. 35 (Op. 1). 


+ 002” 


‘““PLUS OR MINUS?” 37 


As both faces are touched in the same operation and the grinding 
dimension given is not tied to a fixed face, this problem is solved 
by Rule 4. 


1-012” — 1-000” 
2 


1-012” — 1-000” 
2 


For explanation of the last two calculations, see “Tolerance 
and Mean Figure Formulae” at end of book. ‘“‘Amount removed 
from either of two faces.” (Rule 4). 

The finished depth of the recess must be achieved as -375” 
+ 010”. The amount to be removed from the face is -006” + -004”, 
herefore the depth of the recess in Operation 1 must be -381” 
++ 006”. (Rule 7). 


= -006” mean figure. 


— -002” = -004” tolerance. 


ch 


375” 4 
-006” 4 


“381” + -006” 


The §” diameter x 30° chamfer could be given as a depth. 
The finished bore is -500” + -002” diameter, therefore to achieve 
the diameter of the chamfer as -625” + -010”, the depth must be 
given as -108}” + -0064§” or -102”/-115”.. (Rule 18). 


+625” + -010” 
500” + -002” 


+125” - -008” 
+125” + -008” 2 


= -0624” + -004” 


“0624” x cot 30° = -108}", 

004” x cot 30° = -00648” approx. 

“1083” + -00648” =-101-3,"/-115 4,” or -102"/-115” approx. 

The -900” diameter x 30° chamfer could also be given as a 

depth. The finished diameter of the boss is 1-000” -+ -005”, there- 
fore to achieve the diameter of the chamfer as -900” + -010”, the 
depth must be given as -0863” + .0043”, i.e., 050” -+-0023” x cot 30°. 
(Rule 18). 


1-000” + -005” 
-900” + -010” 


Wot 


100" 005" = -050" +: -0023" 


100” + -005” 
0863” approx. 
0 


xx = 
0023” x cot 30° = -0043” approx. 
of = -082}”/-091” or -083”/-091” approx. 


38 “PLUS OR MINUS?” 


1-008" 


Fig. 36 (Op. 2). 


Operation 2, (Fig. 36). 

The finished width of metal between the two recesses must be 
achieved as -250” + -010”. The overall width in this operation is 
1-010” +. -002” and the depth of the recess formed in Operation lis 
“381” + -006”, therefore the depth of the recess formed in Operation 2 
must be given as -379” + -002”. (Rule 1). 


1-010” + -002” “629” + -008" 
-381”" + -006” +250" + -010” 
629” + -008” +379” + -002” 


The dimensioning of the recesses would be improved if both 
dimensions were given a tolerance of + -004”, instead of - -006” 
in Operation 1 and + -002” in Operation 2. 

Proof that the improved dimensioning will achieve the finished 
part drawing sizes, is as follows :— 

The depth of the recess in Operation 1 is to be given as -381" 
+ :004. The amount to be removed from the face is -006” + -004”, 
therefore the finished depth of the recess will be -375” ++ -008”, which 
comes within the “finished part drawing” size of +375” -- -010". 
(Rule 8). 


“381” + -004” 
006” + -004" 


+375” + -008” 
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The depth of the recess in Operation 2 is to be given as -379” 
+ :004”. The overall width in this operation is 1-010” + -002”, 
and the depth of the recess formed in Operation 1 is to be given as 
+881” + -004”, therefore the width of metal between the two recesses 
will be achieved as -250" + -010”. (Rule 1). 
1-010” + -002” +629” + -006” 
381” + -004” +879” + -004” 


-629” -+ -006” +250” + -010’ 


It is always good practice to share the tolerances as equally as 
possible between similar machining operations. 
Operation 3, (Fig. 37). 
By grinding the outside faces to 1-001” 
-++ 001” the depth of the recess, -375” + -010” 
is achieved. 


The final examples of rule application are 
trigonometrical, as many varied problems 
will be encountered which can be solved 
by using Rule 16. ' 

It may be necessary in Fig. 38 to give 
dimension Z and two “‘equals’’ dimensions 

7 from the centre of the hexagon, in order to 
|,_1:000"_,| achieve the -250” + -010" dimension. _ 

OOP The distance, in a vertical direction, 

Fig. 37 (Op. 3). from the centre of the hole to the corner of 

the hexagon must be given as +125" + -005”, i.e. -250" + 010" x 

sine 30°. to achieve the -250” + -010” dimension. _ The rest of the 

problem can now be solved by applying Rule 1. The width of the 
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hexagon, across the corners, is 1-500” + :002”, therefore dimension 
Z must be given as 1-250” + -008’, together with two “equals” 
dimensions from the centre of the hexagon, This will achieve the 
+125” + -005” dimension which in turn will achieve the -250” -- -010” 
dimension. 


250” x sine 30° = -125” 

010" x sine 30° = -005” 

2 (-125” + 005”) = -250” + -010” 
002” 

+250” -- -010” 


1-250” + -008” 


The angular hole, shown in Fig, 39, is to be drilled while there 
is still 006” + 002” to be removed from the surface of the diameter 
by grinding in a later operation. It is therefore necessary to find 
the correct position of the hole in the drilling operation. 


+495" The amount to be removed from 
the surface of the diameter (in a 
vertical direction) will affect the 
position of the hole (in a horizontal 
direction) by -004;;” + -0012” ap- 
proximately, 7.¢., 006” + :002” x cot 
55°, therefore the correct position of 
the hole when drilled will be -4954}” 
+ 0033” or :493"/-499” approx. 
from the end face. 


006” x cot 55° = -004-%," approx. 


tl 


55° 


(CWI 


Fig. 39. -002” x cot. 55° = 0013” approx. 
+500” ++ -005” 
-004-f," -E -0018" 
49548" E0038" = 492-f,"/-49944" or -493”/-499" approx. 


Summing up this thesis on “Tolerances,” it is possible to state 
that the tolerance on any achieved size is equal to the sum of the 
tolerances of the dimensions used to achieve that size. 

The tolerance on any rough size should be the difference between 
the tolerance on the finished size and the sum of the tolerances on 
the amounts to be removed. 

The tolerance on depths converted to diameters, or vice versa, 
should be the difference between the tolerance on the original 
dimension and the sum of the tolerances on the dimensions used 
to calculate the alternative dimension. This ensures that the 
tolerance on the original dimension will be produced. 

Tolerances on the sides of triangles should be in the same ratio 
as the basic lengths of the sides. 
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TOLERANCE AND MEAN FIGURE FORMULAE. 


Any Length. 


Required :—The length that is achieved by the addition or 
substraction of other lengths. (Rule 1). 


Mean Figure: A =B+C 
B=A-C 
C=A-+B 
Tolerances : a=b+¢e 
b=arte 
c=a+b 


Rough Length, 


Required :—The rough length which is to be increased or 
decreased by an amount removed from a face, and must achieve 
a stated finished length. (Rule 7). 


Mean Figure: A= B+C Mean Figure: A = B - C 


Tolerance : a=b-c¢ Tolerance : a=b-c¢ 
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Finished Length. 


Required :—The finished length achieved, when an amount 
is removed from a face and increases or decreases a given rough 
length (Rule 8). 


Ata 


D E 
Mean Figure: A = B - C Mean Figure: A=B+C 
Tolerance : a=b+¢e Tolerance : a@a=b+¢e 


Amount Removed from a Face. 

Required :—The amount removed from a face. (Rule 2). 
Mean Figure: A =B-C 
Tolerance : @=b+¢eE 


F G 


If, after using Rule 2, a is greater than A — .002”, convert 
A+tatoZ+z. (Rule 3). 


Mean Figure: Z- 2+% 4 cov 
2 


Ata 
2 


Tolerance : go = - -001’ 
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Amount Removed from Either of Two Faces, 
Required :—The amount removed from either of two faces, 
when both are touched in the same operation and the dimension 
given is not tied to a fixed face. (Rule 4). 


B+) -(C- 
Mean Figure: A B+) 9 


B+) -(C- 
Tolerance : a= vids Kea) — -002” 


Amount Removed from the Surface of a Diameter. 
Required :—The amount removed from the surface of a diameter 


or a bore. (Rule 5). 


Mean Figure: A = a* 
b 
Tolerance : a= + 
2 
+ 
Ata (orZ*z) AtalorZt2) 


Gie 
tb 


Ata(orZz) 


If, after using Rule 5, a is greater than A — -002”, convert 
AtatoZ+z. (Rule 6). 


A+a 


Mean Figure: Z = 2 + 001” 
+ 


A a 


Tolerance : z= 5 — 001” 
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Rough Depth of Chamfers with an Amount to be Removed from 
the Face, 


Required :—The rough depth of a chamfer which is to be 
decreased by an amount removed from the face, and must achieve 
a stated finish depth. (Rule 9). 


Ata 


Mean Figure: A=B+C 


YU: Tolerance : a=b -¢ 


iH 


Rough Diameter of Chamfers with an Amount to be Removed from 
the Face, 

Required :—The rough diameter of a chamfer which is to be 
decreased by an amount removed from the face, and must achieve 
ac stated finished diameter. (Rule 15). 

Mean Figure: A = B + 2(C x tan Y) 
Tolerance : a= 6-2(c x tan Y) 


45° Chamfers can be solved b 


y the following quicker method :— 
(Rule 14). 


Mean Figure: A =B +2C 
Tolerance : a=6b-2 


Rule (15). (See diagram M on facing page). 
Mean Figure: A = B ~ 2(C x tan Y) 
Tolerance : a b-—2(c x tan Y) 


I 
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45° Chamfers can be solved by the following quicker method :— 
(Rule 14). 
Mean Figure: A=B-2C 
Tolerance : a=b-2c 


Rough Depth of Chamfers with an Amount to be Removed from 
the Surface of the Diameter. 

Required :—The rough depth of a chamfer which is to be 
decreased by an amount removed from the surface of the diameter 
or bore, and must achieve a stated finished depth. (Rule 11). 

Mean Figure: A = B + (C x cot Y) 
Tolerance : a=b — (c¢ x cot Y) 


45° Chamfers can be solved by the following quicker method :— 
(Rule 10). 
Mean Figure: A =B+C 
Tolerance : a=b-e 


To Convert the Diameter of a Chamfer to a Depth or Vice Versa. 
Required :—The diameter of a chamfer that will Lo a 
stated depth, or the depth of a chamfer that will achieve a state 
diameter. (Rule 13). (See diagram P on next page). 
Mean Figure: A= 2 (C x tan Y) + B 


en AS x cote 


Tolerance : a=2(cxtanY)-06 


a-b 
c= 2 x cot Y 
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tc 
Bt 


P 
45° Chamfers can be solved by the following quicker method :— 
(Rule 12). 
Mean Figure: A= 2C+B 
A-B 
a” 
Tolerance : a=2c-b 
a-b 
Cae <p) 
(Rule 13). 
Mean Figure: A = B - 2 (C x tan Y) 
Cw BES yoy 
= 5 co 
Tolerance : a = 2 (c xX tan Y) - 6 
a-b 
= 7 
oi cot Y 
5 Cte 
Y 
Ata 
Btb 


45° Chamfers can be solved by the following quicker method :— 
(Rule 12). 
Mean Figure: A= B -2C 


B-A 

Gag 
Tolerance : a=2c-6 
a-b 


e = 77 
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Triangles (Right angle or otherwise). 


Required :—The tolerance on any side of a triangle that will 
achieve a stated tolerance on another side. (Rule 16). 


bxA 
Tol : = 
olerance a EB 
— cxA 
NG: 
we? b= axB 
A 
Cte " 
x 
b= 
Btb 
= axC 
oe A 
_ bxe 
cea) 


If trigonometry has been used to find the mean figure of any 
side, the tolerance can be found by using the same trigonometric 
formulae, i.e. if B x tan 2 = C, then 6 x tan 2 = 6. 


orienta: i ue 
» 
A, 
%% 
~~ 
; | a : 
\ My 
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Little Green, Richmond, Surrey. 
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LIST OF A.E.S.D. DATA SHEETS. 


Safe Load on Machine-Cut Spur Gears. 

Deflection of Shafts and Beams. 

Deflection of Shafts and Beams (Instruction Sheet). he Connected. 

Steam Radiation Heating Chart. 

Horse-Power of Leather Belts, etc. 

Automobile Brakes (Axle Brakes). 3 

Automobile Brakes (Transmission Brakes). } Connected. 

Capacities of Bucket Elevators. 

Valley Angle Chart for Hoppers and Chutes. 

Shafts up to 5} inch diameter, subjected to Twisting and Combined 
Bending and Twisting. 

Shafts, 53 to 26 inch diameter, subjected to Twisting and Combined 
Bending and Twisting. 

Ship Derrick Booms. 

Spiral Springs (Diameter of Round or Square Wire). 

Spiral Springs (Compression). 

Automobile Clutches (Cone Clutches). 

a 4 (Plate Clutches). 
Coil Friction for Belts, etc. 


Internal Expanding Brakes. Self-Balancing Brake 
Shoes (Force Diagram). 

Internal Expanding Brakes. Angular Proportions Connected, 
for Self-Balancing. j 


Referred Mean Pressure Cut-Off, etc. 
Particulars for Balata Belt Drives. 
¥’ Square Duralumin Tubes as Struts. 


Fey (30 ton yield). 
x 5 58, (30 ton yield). 
ii (40 ton yield). 
és (40 ton yield). 
7s és a (40 ton yield). 
Moments of Inertia of Built-up Sections (Tables). 
Moments of Inertia of Built-up Sections (Instructions Connected. 
and Examples). 

Capacity and Speed Chart for Troughed Band Conveyors. 
Screw Propeller Design (Sheet 1, Diameter Chart). 

(Sheet 2, Pitch Chart). Connected . 

- = 3 (Sheet 3, Notes & Examples). 
Open Coil Conical Springs. 
Close Coil Conical Springs. 
Trajectory Described by Belt Conveyors (Revised, 1949). 
Metric Equivalents. 
Useful Conversion Factors. 
Torsion of Non-Circular Shafts. 
Railway Vehicles on Curves. 
Coned Plate Development. 
Solution of Triangles (Sheet 1, Right Angles). 
Solution of Triangles (Sheet 2, Oblique Angles). 
Relation between Length, Linear Movement and Angular Movement 
of Lever (Diagram and Notes). 
(Chart). 


E ” ” ” ” 

3” Square Steel Tubes as Struts (30 ton yield). 
a 

a” 

yoo» ” 


s 
1" 


” ” » ” » ” 
Helix Angle and Efficiency of Screws and Worms. 
Approximate Radius of Gyration of Various Sections. 
Helical Spring Graphs (Round Wire). 

(Round Wire). Connected. 
(Square Wire). 


92. 


Relative Value of Welds to Rivets. 
Graphs for Strength of Rectangular Flat Plates of Uniform Thickness. 
a Deflection ” ” ” ” ” 
Deflection of Leaf Spring. 
Strength of Leaf Spring. 
Chart Showing Relationship of Various Hardness Tests. 
Shaft Higrse Power and Proportions of Worm Gear. 
Ring with Uniform Internal Load (Tangential Strain). 
ll 4° ro Pe », (Tangential Stress). Couneceed: 
ee on to Steel Shaft. (Maximum Tangential Stress at Bore 
°: ub). 
Hub Pressed on to Steel Shaft. (Radial Gripping Pressure between 
Hub and Shaft). 
Rotating Disc (Steel) Tangential Strain. 


” » » Stress. Connected. 
Ring with Uniform Ext 1 Load, i i 
Viscosity Temperature Chart for Converting Commercial 
to Absolute Viscosities. 
Connected. 


Journal Friction on Bearings. 

Ring Oil Bearings. 

Shearing and Bearing Values for High Tensile Structural Steel Shop 
Rivets in accordance with B.S.S. No. 548/1934. 

Velocity of Flow in Pipes for a Given Delivery. n 

Delivery of Water in Pipes for a Given Head! } Connected 

(See No. 105). 

Involute Toothed Gearing Chart. 

Variation of Suction Lift and Temperature for Centrifugal Pumps. 

Curve Relating Natural Frequency and Deflection. 

Vibration Transmissibility Curved or Elastic Suspension. Connected: 

Instructions and Examples in the Use of Data Sheets, - 
Nos. 89 and 90. 

Pressure on Sides of Bunker. 


93-4-5-6-7. Rolled Steel Sections. 
98-9-100. Boiler Safety Valves. 


102. 
103. 
104, 
106. 


107. 
108. 
109, 
110. 
111. 
112. 
113. 
114, 


115. 
116, 


Pressure Required for Blanking and Piercing. 4 

Punch and Die Clearances for Blanking and Piercing. 

Nomograph for Valley Angles of Hoppers and Chutes. 

Compound Cylinder (Similar Material) Radial Pressure of Common 
Diameter (D1). 

True Angles for Pipe Bends. 

Development of Spiral Chutes. 

Vertical Pitch of Panels in a Frame with Bracing at a Constant Slope. 

Permissible Stresses in Cranes—B.S. 2573. Table 1—Values of A & B 
Tons/Sq. In. 

Permissible Stresses in Cranes—B.S. 2573. 
Tons/Sq. In. : 

Permissible Stresses in Cranes—B.S. 2573. Table 3—Compressive 
Stresses in Axially Loaded Struts. 

Permissible Stresses in Cranes—B.S. 2573. 
Rivets and Fit Bolts. 

Permissible Stresses in Cranes—B.S. 2573. 
Rivets and Fit Bolts. 2 a 

Rectangular Weld Groups with Eccentric Load in Plane of Weld. 


Pipe and Plate Bends. 
(Data Sheets are 4d to Members, 8d to others, post free). 


Table 2—Values of A & B 


Table 4—Power Driven 


Table 5—Power Driven 


Orders for Pamphlets and Data Sheets to be sent to the Editor, 
The Draughtsman, cheques and orders being crossed ‘“‘A.E.S.D.”’ 


ADVICE TO INTENDING AUTHORS OF A.E.S.D. 
PRINTED PAMPHLETS. 


Pamphlets submitted to the National Technical Sub-Committee for 
consideration with a view to publication in this series should not exceed 
10,000 to 15,000 words and about 20 illustrations. The aim should be the 
presentation of the subject clearly and concisely, avoiding digressions and 
redundance. Manuscripts are to be written in the third person. Copies 
of an article entitled ‘‘Hints on the Writing of Technical Articles’ can be 
obtained from the Editor of The Draughtsman. 


Drawings for illustrations should be done either on a good plain white 
paper or tracing cloth, deep black Indian ink being used. For ordinary 
purposes they should be made about one-and-a-half times the intended 
finished size, and it should be arranged that wherever possible these shall 
not be greater than a single full page of the pamphlet, as folded pages are 
objectionable, although, upon occasion, unavoidable. Where drawings are 
made larger, involving a greater reduction, the lines should be made slightly 
heavier and the printing rather larger than normal, as the greater reduction 
tends to make the lines appear faint and the printing excessively small in 
the reproduction. In the case of charts or curves set out on squared paper, 
either all the squares should be inked in, or the chart or curve should be 
retraced and the requisite squares inked in, Figures should be as self-evident 
as possible. Data should be presented in graphical form, Extensive tabular 
matter, if unavoidable, should be made into appendices. 


Authors of pamphlets are requested to adhere to the standard symbols 
of the British Standards Institution, where lists of such standard symbols 
have been issued, as in the case of the electrical and other industries, and 
also to the British Standard Engineering Symbols and Abbreviations, No. 1991, 
published by the B.S.I. at 6/-. Attention might also be given to mathematical 
notation, where alternative methods exist, to ensure the minimum trouble 
in setting up by the printer. 


The value of the pamphlet will be enhanced by stating where further 
information on the subject can be obtained. ‘This should be given in the 
form of footnotes or a bibliography, including the name and initials of the 
author, title, publisher, and year of publication. | When periodicals are 
referred to, volume and page also should be given. References should be 
checked carefully. 


Manuscripts, in the first instance should be submitted to the Editor, 
The Draughtsman, Onslow Hall, Little Green, Richmond, Surrey. 


For pamphlets, a grant of £30 will be made to the author, but special 
consideration will be given in the case of much larger pamphlets which may 
involve more than the usual amount of preparation. 


The Publishers accept no responsibility for the formulae or opinions 
expressed in theiv Technical Publications. 
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